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© A liquid handling system useful in apparatus for 
analyzing biological liquid specimens or the like in- 
cludes a plurality of sample metering chambers (22, 
24, 26, 28), a distribution manifold (150) connected 
between a sample inlet port (16) and the sample 
metering chambers, and a corresponding plurality of 
auxiliary liquid metering chambers (30, 32, 34) con- 
nected to corresponding auxiliary liquid reservoirs 
(50. 54, 66). Liquids are flowed from the sample inlet 
port through the distribution manifold to the sample 
metering chambers and from auxiliary liquid reser- 
voirs to the auxiliary liquid metering chambers under 
the influence of reduced pressures which are selec- 
tively connected to the flow network through an 
integrated valve array and reduced pressure man- 
ifolds. 
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LIQUID HANDLING SYSTEM 



This invention relates to liquid handling sys- 
tems and has particular application to apparatus for 
the analysis of constituents of biological liquids and 
the like. 

In the analysis of specific constituents such as 
glucose, urea or creatinine of biological liquid sam- 
ples such as whole blood, serum, plasma and 
urine, a mixture of precise amounts of the sample 
to be analysed and a pre-chosen reagent cor- 
responding to the specific constituent of interest is 
disposed in an analysis cell through which a mon- 
ochromatic beam of light of predetermined 
wavelength is passed to develop an output signal, 
which by suitable processing provides quaJitative 
and quantative indications of the presence of the 
particular constituent of interest in the sample. 

In such analyses, it is desirable to process 
minute quantities of the samples, particularly where 
the sample is a precious liquid and analyses for 
several constituents are desired. Such analyses 
would be more economical as smaller volumes of 
reagents are required. Further, it is desirable to 
provide analysis systems that are capable of per- 
forming plural analyses concurrently. 

We draw attention to co-pending EP-A-0 180 
063 which has the same priority as the present 
application as well as a very similar disclosure but 
which claims aspects of that disclosure different 
from the invention claimed herein. We also draw 
attention to co-pending Application No 85 1 1 2666.4 
(Serial No 0 180 064) from which the present 
application is divided. 

US-A-4 283 262 discloses an earlier analysis 
system of the applicants which is based upon the 
prior art portion of claim 1 and in which a sample is 
drawn by operation of a pump to a test chamber 
which is calibrated by the alternative flowing of an 
auxiliary liquid thereto. As compared therewith, the 
present invention, as defined in claim 1 , provides a 
system which is capable of rapid and efficient 
analysis in which sample and auxiliary liquids can 
be accurately dispensed in small quantities using 
separate metering chambers and mixed for analy- 
sis with control of sample and reagent flow being 
by rapid connection of chamber outlets to a vacu- 
um reservoir, the provision of a bypass channel 
enabling auxiliary liquid to flow before and after the 
metered quantity of sample liquid into the metering 
chamber. 

In the preferred illustrated embodiment, there 
is provided the liquid handling system which in- 
cludes a plurality of sample metering chambers, a 
distribution manifold connected between a sample 
inlet port and the sample metering chambers, and 
a corresponding plurality of auxiliary liquid meter- 



ing chambers connected to corresponding auxiliary 
liquid reservoirs. Fluids are flowed from the sample 
inlet port through the distribution manifold to the 
sample metering chambers and from auxiliary liq- 

s uid reservoirs to the auxiliary liquid metering cham- 
bers under the influence of reduced pressures (that 
term herein referring to pressures that are less than 
atmospheric) which are selectively connected to 
the flow network through an integrated valve array 

70 and reduced pressure manifolds. 

In preferred embodiments, each analysis chan- 
nel has a sample metering chamber with an inlet 
and an outlet and a bypass line and valve arrays at 
the inlet and outlet, and an associated auxiliary 

75 liquid metering chamber that may be selectively 
connected to a reservoir of auxiliary liquid such as 
a reagent and to the sample metering chamber. A 
valve control system applies reduced pressures to 
flow sample and auxiliary liquid into corresponding 

20 chambers to fill those chambers so that precisely 
measured quantities are available, and then the 
precisely measured quantities are flowed to analy- 
sis chambers where they are mixed, degassed and 
spectrophoto metrically analyzed. 

25 In a particular embodiment, vah/es and meter- 

ing chambers are in a flow network array that 
includes a face plate member with a firm and 
stable support surface, and a flexible sheet mem- 
ber that is clamped in conforming and mating en- 

30 gagement to the firm and stable face plate surface. 
A flow channel network is formed in one of the 
engaged surfaces with each valve including a land 
portion that separates adjacent flow channel por- 
tions. Each valve also includes an actuator which is 

35 arranged to flex the sheet member between a first 
position in which the surface of the valve sheet 
member is in mating and sealing engagement with 
the surface of the face plate member so that the 
valve land portion blocks flow between the adjacent 

40 channel portions, and a second position in which 
the sheet surface is spaced from the first position 
and allows liquid flow across the land surface be- 
tween the adjacent channel portion. Each valve has 
a small volume (less than ten microliters) when 

45 open, and essentially zero dead space when 
closed. The gentle and smooth closing action of 
the valve membrane is in a radially inward direction 
and the valves provide excellent isolation between 
different liquids which are handled by the system. 

so In a particular embodiment, the valve face plate 
member is transparent, and sample flow paths are 
in the form of grooves that extend along the face 
plate surface, while the flexible valve sheet is opaq- 
ue and of contrasting color to the sample liquids to 
be analyzed. In that particular embodiment, there 
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are four sample metering chambers, a 7 1/2 micro- 
liter volume chamber for glucose analysis, a 3 1/2 
microliter sample chamber for urea analysis, and 3 
1/2 microliter and 10 microliter sample measuring 
chambers for creatinine analysis, together with cor- 
responding reagent metering chambers associated 
with each analysis channel. The flow network also 
includes a positive displacement pump mechanism 
for flowing flush liquid through the sample inlet line 
between analysis sequences. Other flow networks 
are coordinated with the valving array to provide 
effective cleaning of flow surfaces and chambers 
between analysis sequences. 

Other features and advantages of the invention 
will be seen as the following description of a par- 
ticular embodiment progresses, in conjunction with 
the drawings, in which: 

Fig. 1 is a front view of (partially in diagram- 
matic form) of a three channel analysis instru- 
ment in accordance with the invention; 
Fig. 2 is a diagram of the glucose channel 
portion of the flow network structure employed 
in the apparatus shown in Fig. 1 ; 
Fig. 3 is a sectional view in part through the 
sample measuring chamber of the glucose 
channel, taken along the line 3-3, of Fig. 1; 
Fig. 4 is a sectional view in part through the 
reagent measuring chamber of the urea channel 
taken along the line 4-4 of Fig. 1 : 
Figs. 5 and 6 are a series of diagrammatic views 
of the sample distribution manifold in the flow 
network; and 

Fig. 7 is a series of diagrams showing an oper- 
ational sequence of the apparatus shown in Fig. 
1. 



Description of Particular Embodiment 

Shown in Fig. 1 is a diagrammatic view of a 
three channel analysis instrument with photometric 
analysis cell 10 for glucose analysis, a. similar 
photometric analysis cell 12 for urea analysis, and 
a third similar photometric analysis ceil 14 for cre- 
atinine analysis, each cell 10. 12, 14 having asso- 
ciated radiation source and radiation sensor ap- 
paratus for photometric analysis. Analysis cells 10, 
12 and 14 are connected to sample inlet probe 16 
by flow network structure 18 that includes an array 
of valves 20 of the type shown in US-A-4.304,257. 
and that are operated by valve controller 21. Flow 
network structure 18 also includes a 7.5 microliter 
volume sample measuring chamber 22 associated 
with the glucose channel; a 3.5 microliter volume 
sample measuring chamber 24 associated with the 
urea channel, sample measuring chambers 26, 28 
(ten microliter and 3.5 microliter volume respec- 
tively) associated with the creatinine channel; glu- 



cose reagent measuring chamber 30 (300 micro- 
liter volume); urea reagent measuring chamber 32 
(600 microliter volume); creatinine reagent measur- 
ing chamber 34 (300 microliter volume); vacuum 

5 manifolds 36, 38 and pump chamber structure 40. 

Row network assembly 18 has an inlet 42 from 
sample probe 16; inlet 44 connected to flush reser- 
voir 46; inlet 48 connected to glucose reagent 
reservoir 50; inlet 52 connected to urea reagent 

io reservoir 54; inlet 56 connected to tap 58 of sam- 
ple probe 16; outlet 60 connected to vacuum 
chamber 62; inlet 64 connected to creatinine 
reagent reservoir 66; outlet 68 connected to vacu- 
um chamber 70; outlet 72 connected to vacuum 

75 chamber 62; inlet 74 connected to the outlet of the 
flush preheater section 76 for the glucose channel; 
outlet 78 conrfected to the inlet 80 of glucose 
analysis cell 10: inlet 82 connected to the outlet 84 
of glucose analysis cell 10; inlet 86 connected to 

20 the outlet of the flush preheater section 88 asso- 
ciated with the urea channel; outlet 90 connected 
to the inlet 92 of the urea analysis cell 12; inlet 94 
connected to the outlet 96 of cell 12; outlet 98 
connected to vacuum chamber 70; inlet 100 con- 

25 nected to the outlet of flush preheater section 102 
associated with the creatinine channel; outlet 104 
connected to the inlet 106 of creatinine analysis 
cell 14; inlet 108 connected to the outlet 110 of 
creatinine analysis cell 14; and outlet 112 that 

30 connects manifold 36 to vacuum chamber 62. 
Flush reservoir 46 is also connected to manifold 
114 that has inlets to preheater sections 76. 80 and 
102; vacuum pump 116 is connected to vacuum 
chamber 62 to establish a vacuum on the order of 

35 22-24 inches of mercury in chamber 62; and the 
two chambers 70 and 62 are interconnected by 
regulator 118 so that a regulated vacuum of about 
fifteen inches of mercury is established in chamber 
70. 

40 The flow network assembly 18 includes a rec- 

tangular array of valves 20 with the valves spaced 
on centers of about 1.5 centimeters and arranged 
in five rows A-E and twelve columns A-L. Thus, the 
valve connected to sample inlet port 42 is identified 

45 as valve 20AC, the valve connected to inlet port 74 
is identified as valve 20EA. and the valve con- 
nected to outlet port 78 is identified as valve 20EB. 
With reference to the valves located along section 
line 3-3, (Fig. 1), valve 20AB is of the "isolation" 

so type and isolates through channel 120 (that ex- 
tends between isolation valves 20AA and 20AC) 
from channel 122 that extends to pump chamber 
40; valve 20BB is an isolation valve that isolates 
distribution manifold section 150G from the inlet 

55 124G to glucose sample metering chamber 22; 
valve 20CB isolates the outlet 126G of sample 
metering chamber 22 from the chamber bypass 
channel 128Q that extends from isolation valve 
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20BA to isolation valve 20DB; and valve 20EB 
Isolates the channel 130G (that extends from Isola- 
tion valve 20DB through valves 20DA and 20EA to 
isolation valve 20EB) from channel 132G (that ex- 
tends to outlet port 78). 

With reference to the valves located along sec- 
tion line 4-4, valve 20AG isolates channel 134U 
(connected to port 52) from channel 136U which is 
in direct communication with urea reagent metering 
chamber 32; valve 20BG isolates channel 136U 
from distribution manifold 150; valve 20CG isolates 
channel 138 (which extends from isolation valve 
20DI to vacuum manifold 36) from channel 140 
(which extends to vacuum manifold 38 and pro- 
vides a bypass or short circuit network between 
vacuum manifolds 36 and 38 for use during clean- 
ing and flushing); valve 20 DG is of the "vent" type 
that isolates vent 142U from the channel 144 
(which extends between urea reagent metering 
chamber 32 and isolation valve 20DH); and valve 
20 EG is another "vent" valve which vents the chan- 
nel 146 that extends from isolation valve 20EH to 
inlet port 94. 

Flow network 18 has three similar but distinct 
flow channel sections, one for glucose analysis, a 
second for urea analysis and a third for creatinine 
analysis. Each channel includes a sample metering 
chamber and a reagent metering chamber of vol- 
ume proportioned to the volume of the sample 
metering chamber so that the desired dilution is 
obtained. The creatinine analysis section has two 
sample metering chambers 26 and 28 so that dif- 
ferent dilution ratios may be employed as desired. 
For example, chamber 26 may be employed with a 
serum creatinine analysis while chamber 28 (a 
greater dilution ratio) may be employed with a 
urine creatinine analysis. The sample to be ana- 
lyzed is flowed to the three analysis sections via 
distribution manifold 1 50--isolation valves 20BD 
and 20BH in distribution manifold 150 serving to 
separate channel sections 150G, 150U and 150C. 

Sample probe 16 is connected via inlet port 42 
and valves 20AC, 20AB and 20AA to sample dis- 
tribution manifold 150 that has a cross-sectional 
area of about 0.3 square millimeter so that a length 
of about twenty-five centimeters is provided for a 
seventy microliter sample volume. The glucose 
section 150G of that distribution manifold extends 
through valves 20BA, 20BB and 20CC to isolation 
valve 20BD; the urea section 1 SOU extends through 
valves 20BE, 20BF and 20BG to isolation valve 
20BH f and the creatinine section 150C extends 
through valves 20BI, 20BJ and 20BK, 20BL and 
20AL to vacuum isolation valve 20AK. The three 
sample-reagent measuring and mixing networks 
that are connected to distribution manifold 150 are 
of similar configuration, the measuring and mixing 
network for the glucose channel being shown in 



slightly larger scale in diagrammatic form In Fig. 2. 

In an operating sequence, the tip 148 of sam- 
ple probe 16 is inserted (by a drive motor-not 
shown) into a sample cup and with valve 20AC 

5 closed, distribution manifold 150 is connected to 
vacuum chamber 70 to reduce the pressure in that 
manifold channel. After one quarter second, valve 
20BD is then closed to seal the reduced pressure 
in distribution manifold 150G and when isolation 

70 valve 20AC is opened the sealed reduced pressure 
draws sample into the inlet probe towards distribu- 
tion manifold 150. That valve sequence of alternate 
opening and closing valves 20AC and 20BD is 
repeated so that the volume of trapped reduced 

75 pressure between the leading edge of the sample 
and valve 20BD is progressively reduced until the 
leading edge 'of the sample is at valve 20 BD in a 
self-limiting process — a seventy microliter volume 
of sample having been drawn into probe 16 and 

20 channels 120 and 150G. Sample probe 16 is then 
withdrawn from the sample cup and the seventy 
microliter sample is positioned in the distribution 
manifold 150 by sequential and alternate opening 
and closing of valves 20AA. 20BD, 20BH and 20AK 

25 until the leading edge of the sample is at valve 
20AK in the same self-limiting liquid movement 
process. 

After sample positioning, the three metering 
chambers 22, 24 and 26 (or 28) are sequentially 

30 filled from manifold 150 while the corresponding 
reagent metering chambers 30, 32 and 34 are 
being concurrently filled from their respective res- 
ervoirs 50, 54 and 66. After those six metering 
chambers are filled, adjacent flow paths (including 

35 the distribution manifold 150) are flushed to remove 
excess material. Then the metered sample quantity 
and the corresponding metered reagent for each 
analysis channel are flowed in a mixing and dilution 
sequence into the corresponding analysis cell 10, 

40 12, 14 (each of which has a volume about twice the 
volume of the reagent-sample mixture to be ana- 
lyzed). Air is drawn through the diluted sample 
mixture in each analysis chamber in a bubbling 
action that provide further mixing and then the 

45 diluted mixture in each analysis chamber is sub- 
jected to reduced pressure for degassing. After an 
equilibration interval of about ten seconds, the 
three diluted samples are concurrently spec- 
trophotometrically analyzed during which interval 

60 the flow network is flushed. After analysis, the 
analysis cells 10, 12 and 14 are emptied and 
cleaned in preparation for the next analysis se- 
quence. 

Further details of the flow network assembly 18 
55 may be seen with reference to the sectional views 
of Figs. 3 and 4. That flow network array includes 
transparent face plate 152 of cast acrylic resin. 
Clamped against the bottom surface of face plate 
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152 is manifold diaphragm sheet 154 of white 
polyurethane that has a smooth, pit-free surface. 
Apertured backing plate 156 is seated against dia- 
phragm sheet 154 by mounting plate 158. and the 
stack of face plate 152, diaphragm 154, backing 
plate 156 and mounting plate 158 are secured 
together by resilient fasteners 160 (Fig. 1). Secured 
to diaphragm member 154 is an array of actuators 
162, the head 164 of each being embedded in the 
polyurethane membrane sheet 154. A spring 166 
seated between surface 168 of actuator 162 and 
surface 170 of mounting plate 158, maintaining 
membrane 154 in seated or valve closed position; 
and movement of actuator 162 away from face 
plate 152 opens the valve. 

The sectional view of Fig. 3 is through glucose 
sample measuring chamber 22 and manifold 36 
while the sectional view of Fig. 4 is through urea 
reagent measuring chamber 32 and manifold 38 as 
well as portions of the associated valves and inter- 
connecting flow networks. Each of the reagent me- 
tering chambers 30, 32, 34 is entirely bounded by 
acrylic plastic, a sheet 171 of plastic being solvent 
bonded to the upper surface of face plate 152 to 
define the outer wall of chamber 32. the other 
reagent measuring chambers 30 and 34 being 
similarly formed. 

Further details of the sample introduction se- 
quence may be seen with reference to Fig. 5 which 
shows in diagrammatic form an operating se- 
quence of the valves connected between sample 
inlet 148 and vacuum chamber 70. In that operating 
sequence, valves AC, AA, BD, BH and AK are 
initially closed (Fig. 5a) and probe 16 is moved 
down by a stepping motor to insert its tip 148 into 
the sample cup. After a one second delay, isolation 
valves AK, BH, BD and AA are opened (Fig. 5b) to 
allow the regulated vacuum from chamber 70 to 
reduce the pressure in distribution manifold 150 
and inlet channel 120. After a 1/4 second delay, 
isolation valve AK is closed (sealing that reduced 
pressure in channel 120 and manifold 150) and 
after a 1/10 second delay isolation valve AC is 
opened (Fig. 5c) so that the reduced pressure 
trapped by closed isolation valve AK draws sample 
172 into probe 16 and towards valve BD. Isolation 
valve AC is then closed and isolation valve AK is 
opened to recharge manifold 150 with reduced 
pressure. After a delay of 1/10 of a second isolation 
valve BD is closed and isolation valve AC is 
opened (Fig. 5d) so that the reduced pressure 
trapped by closed isolation valve BD draws sample 
172 further into probe 16 and past valve AC toward 
valve BD. After 1/10 of a second isolation valve AC 
is closed (clamping leading edge 174 of sample 
172 — Fig. 5e) and isolation valve BD is again 
opened to charge channel 120 and section 150Q of 
the distribution manifold between leading edge 174 



and valve BD with reduced pressure (Fig. 5e). 
Isolation valve BD is then again closed and isola- 
tion valve AC opened after 1/10 of a second for 
about 1/4 of a second (releasing sample 172 - Fig. 

5 5f) so that the reduced pressure trapped between 
leading edge 174 and valve BD draws in the sam- 
ple 172 further along the manifold 150G. The se- 
quence of valve operations indicated in Fig. 5d-f 
when repeated four times draws in the sample 172 

10 into probe 16 and positions its leading edge 174 at. 
but not beyond, valve BD (Rg. 5g) so that a 
seventy microliter volume of sample is drawn in to 
valve BD in a self-limiting process. When the lead- 
ing edge 174 of sample 152 is at valve BD, valve 

15 AA is closed, as indicated in Rg. 5h, to "clamp" 
the sample 172 so that valves BD. BH and AK 
upstream from' leading edge 174 may be opened 
to reduce the pressure in manifold sections 150U 
and 150C without movement of sample 172. 

20 Sample probe 16 is then withdrawn and the 

seventy microliter sample 172 held in the sample 
probe 16 and connecting lines is positioned in 
distribution manifold 150 adjacent the three meter- 
ing chambers 22, 24 and 26 (28) by a sequential 

25 operation of valves as indicated in Fig. 6. Valve AK 
is closed and then valves AA and BD are opened 
(Fig. 6a) to release sample 172 and allow the 
trapped reduced pressure to draw the sample to- 
wards valve AK. After a 1/4 second interval, valve 

so BH is closed (clamping sample 172 adjacent lead- 
ing edge 174) and valve AK is opened to charge 
section 150C of the distribution manifold 150 be- 
tween leading edge 174 and valve AK with reduced 
pressure. After about a 0.1 second delay, valve AK 

35 is closed (trapping the reduced pressure) and valve 
BH is opened (releasing sample 172) for about 1/4 
second (Fig. 6c) so that the reduced pressure 
trapped between edge 174 and valve AK draws the 
sample 172 further along the manifold section 

40 150C towards valve AK. Valve BH is then closed 
and valve AK opened to again apply reduced pres- 
sure to the sample leading edge 174 while the 
sample is restrained by closed valve BH. The se- 
quence of valve operations indicated in Figures 6a- 

45 6d is repeated to supply progressively reduced 
trapped volumes of reduced pressure to further 
draw the sample 172 and position (in the self- 
limiting manner discussed above) the leading edge 
174 at valve AK with the seventy microliter volume 

so extending throughout the length of manifold 150 
adjacent the three metering chambers 22, 24 and 
26 (28) and the trailing edge 176 in channel section 
120 as indicated in Fig. 6e. The rapid sequencing 
of the valves by controller 21 discussed above 

55 positions a metered seventy microliter volume of 
sample 172 accurately in distribution manifold 150 
in a few seconds. 

After the sample 172 is positioned in the dis- 
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tribution channel 150 as indicated in Rg. 6c, the 
sample chambers 22, 24, 26 (or 28) are sequen- 
tially filled and the reagent metering chambers 30, 
32 and 34 are concurrently filled from their respec- 
tive reagent reservoirs 50, 54 and 66. 

A diagram of the glucose metering network is 
shown in Fig. 2, the urea and creatinine metering 
networks being similar. Glucose sample metering 
chamber 22 is connected between isolation valves 
20BB and 20CB while glucose reagent measuring 
chamber 30 is connected between isolation valves 
20AF and 20DD. Connected between isolation 
valve 20DD and metering chamber 30 is vent valve 
20DC. A bypass channel 128G parallels sample 
chamber 22 and extends from isolation valve 20BA 
to isolation valve 20DB. Three T valves 20BA, 
20 BB and 20BC are connected to the glucose 
section 150G of distribution manifold 150. T valve 
20CB connects the outlet 126G of sample metering 
chamber 22 to bypass channel 128G. A channel 
130G extends from isolation valve 20DB to isolation 
valve 20EB~channei 130G being connectable via T 
valve 20DA to vacuum manifold 36 and via T valve 
20EA to flush preheater 76 (which preheater may 
be omitted if it is not necessary to thermally equili- 
brate the flush prior to introduction into the flow 
network). Vacuum manifold 38 is connected by 
channel 148G to isolation valve 20DD, T valve 
20ED connects channel 148G via channel 146G to 
the outlet of analysis cell 10 and valve 20EC vents 
channel 146G. 

The pump includes chamber 40 (similar to but 
of larger volume than valves 20), T valve 20AB and 
isolation valve 20AE, chamber 40 and valves 20AB 
and 20AE being operated in sequence as a positive 
displacement device that flows flush liquid through 
sample inlet line 120 and probe 16 for cleaning. 

The greater negative pressure provided by 
vacuum manifold 38 is used for degassing and 
relatively rapid movements of liquid while the regu- 
lated lesser negative pressure provided by vacuum 
manifold 36 provides force appropriate to move the 
liquids at reasonable speed without drawing gasses 
through or from them (debubbling). Photometer cell 
10 has an inlet port 80 at its bottom and an outlet 
port 84 at its top that is connected to vacuum 
manifold 38 through isolation valve 20ED. As the 
volume of the reagent-sample mixture is less than 
that of photometer chamber 10, the reduced pres- 
sure used to draw the reagent sample mixture into 
the chamber without filling it also draws following 
air through the mixture for further mixing and then 
degassing. After analysis, the sample-reagent mix- 
ture is withdrawn through the inlet port 80 and 
isolation valves 20EB and 20DA to the vacuum 
manifold 36, the top port 84 of the analysis cell 10 
being vented by vent valve 20EC during this se- 
quence. 



Further details of the metering, dilution, analy- 
sis and flushing sequences may be seen with refer- 
ence to Rg. 7. Rg. 7a shows the sample 172 to be 
analyzed (symbolized by dark lines) held in dis- 

5 tribution manifold 150 with its leading edge 174 
blocked (at valve AK) and its trailing edge 176 
exposed to atmosphere through open valve AC and 
sample probe 16. Valves DA, DB and CB are 
opened to apply negative pressure (symbolized by 

w dots) from manifold 36 to reduce the pressure in 
sample metering chamber 22 and bypass channel 
128G; and valve DD is opened to similarly reduce 
the pressure in reagent metering chamber 30. 
Valve CB is then closed and valve BB is opened so 

75 that the reduced pressure trapped in sample me- 
tering chamber 22 draws sample 172 into that 
chamber towards closed valve CB as indicated in 
Rg. 7b. Concurrently, isolation valve DO is closed, 
and then valve AF is opened so that the reduced 

20 pressure trapped in reagent metering chamber 30 
draws reagent 178 (symbolized by slant lines) from 
reservoir 50 through valve AF into chamber 30. 

Valves DA and DB are then closed and valve 
CB opened so that the leading portion 180 of 

25 sample is drawn through metering chamber 22 into 
portions of the bypass channel 128G as indicated 
in Rg. 7c. Valves BB and CB are then closed, 
isolating the metered quantity 182 of sample 172 in 
chamber 22, as indicated in Fig. 7d, from leading 

30 portion 180 as well as from trailing portion 176. 

The other two sample metering chambers 24, 
26 (28) are then similarly filled in sequence. During 
the sequential filling of the three sample metering 
chambers, the reagent metering chambers 30, 32 

35 and 34 are concurrently filled by alternately closing 
and opening valves DD and AF (and corresponding 
valves DH and AG and DL and AJ) to draw 
reagents 178G, U and C into the metering cham- 
bers 30, 32 and 34 respectively (valve DD being 

40 opened to recharge metering chamber 30 with re- 
duced pressure while the reagent 178G is clamped 
by closed valve AF as indicated in Rg. 7c; then 
valve DD is closed to trap the reduced pressure in 
metering chamber 30 and line 144; and then valve 

45 AF is opened (as indicated in Rg. 7d) to allow the 
trapped reduced pressure to draw reagent 178G 
further into metering chamber 30). The alternate 
opening and closing of valves DD and AF (and 
corresponding valves) in each of the three reagent 

so metering chamber flow paths fills the respective 
metering chambers up to but not beyond valves 
DD, DH and DL in self-limiting manner similar to 
the filling of manifold 150 described above in con- 
nection with Figs. 5 and 6. 

55 After the three sample metering chambers 22, 
24, 26 (28) have been filled, valve AK is opened to 
draw the excess sample 172 from the distribution 
manifold 150, and then valves AE and AB are 
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opened to draw flush solution 184 (symbolized by 
dashed lines) from reservoir 46 through distribution 
manifold 150 in flushing and cleaning action. 
Valves AA and AB are then closed and valves EA. 
DB and BA are opened to draw flush 184 through 
preheater 76 and then flow through valves EA, DA, 
DB, CB and BA into the distribution manifold 150 
for flushing out the leading portions 180 of sample 
172 that have been held in the bypass channel 
128G (Fig. 7e). The urea and creatinine channels 
are similarly flushed. 

Valve AH is also opened to connect the vacu- 
um tap 58 (Fig. 1) of probe 16 to vacuum chamber 
62 and chamber 40 and valves AB and AE of the 
pump array are operated in sequence to provide 
positive displacement pump action to draw flush 
solution 184 from reservoir 46 and to flow it in the 
reverse direction through probe 16 where the dis- 
charged flush solution 184 is drawn from probe tip 
148 by tap 58 through valve AH to vacuum cham- 
ber 62. In pump operation, valve AE is opened and 
then the volume of pump chamber 40 is increased 
to draw flush solution into that chamber. Valve AE 
is then closed, valve AB opened and the pump 
chamber 40 is collapsed (membrane 154 is seated 
against face plate 1 52) to force the volume of liquid 
from chamber 40 out through valve AC and sample 
probe 16. 

After the pumping operation is stopped, valve 
AA is opened to vent the distribution manifold 1 50 
and remove the flush solution. Reagent vent valve 
DC and isolation valve DD are opened and the 
excess reagent 178 in channel 144G is drawn into 
vacuum manifold 38 and then isolation valve DA is 
opened to draw flush solution 184 from the bypass 
channel 128G into manifold 36. Valves BA, DB and 
DA are pulsed to provide a pulsating liquid flow 
and enhanced cleaning action. Valves BA, DA and 
DB are then closed and valves AA, BH and BD are 
similarly pulsed to clean and air dry the distribution 
manifold 1 50. Those valves are then closed, isolat- 
ing segments 150G, 150U and 150C of the dis- 
tribution manifold associated with each analysis 
channel. 

After the channels have been cleaned and iso- 
lated, vent valve DC and isolation valve BC are 
opened, connecting reagent measuring metering 
chamber 30 to the isolated segment 150G of dis- 
tribution manifold 150; valve BA is opened, con- 
necting that isolated segment 150G to bypass 
channel 128; and T valve ED is opened to apply 
reduced pressure from vacuum manifold 38 to ana- 
lysis ceil 10 for about 1/4 second. Valve ED is then 
closed, trapping the reduced pressure in cell 10 
and in those portions of flow network 18 connected 
to cell inlet 80. 

With reference to Fig. 7f t the opening of valves 
EB and DB applies that reduced pressure to the 



bypass channel 128G and the isolated segment 
150G of distribution manifold 150 to draw reagent 
178G from chamber 30 (vented by open vent valve 
DC) through open valve BC. distribution channel 

5 segment 150G and bypass channel 128G towards 
analysis cell 10. After an interval of about 1/2 
second, valve EB is closed and valve ED is opened 
to recharge the reduced pressure in the analysis 
cell. During this interval, the sample chamber isola- 

w tion valves BB and CB are also opened. After 
analysis chamber 10 has been recharged with re- 
duced pressure, isolation valve ED is again closed 
and isolation valve EB is opened so that the me- 
tered sample quantity 182 is drawn from chamber 

is 22 followed by a flow of reagent 178 through 
sample chamber 22 (valve BA being closed during 
this interval). After the metered sample 182 has 
been entirely flowed from metering chamber 22, as 
indicated in Fig. 7g, isolation valve CB is closed 

20 and valve BA is opened so that flow of reagent 
continues through the bypass channel 128G until 
the entire metered quantity of reagent 178 
(together with the metered sample quantity 182) 
has been flowed into analysis cell 10, the reagent 

25 flow alternating between sample chamber 22 and 
bypass channel 128. During this flow, valves EB 
and ED are alternately opened and closed to re- 
charge the reduced pressure head in analysis 
chamber 10. Following air is bubbled through the 

30 mixture 186 (symbolized by alternating heavy and 
light slant lines) in analysis cell 10 from the open 
vent valve DC to provide further mixing and then 
vent valve DC is closed for debubbling of the 
diluted sample mixture 186 in analysis cell 10. 

as Isolation valve EB is then closed (Fig. 7h) prepara- 
tory to photometric analysis. 

Vent valve EC is opened during photometric 
analysis to vent analysis cell 10. During that inter- 
val, distribution manifold valves (AA. BD, BH and 

40 AK) are opened as are valves AE and AB to draw 
flush solution 184 through the distribution manifold 
150; then valves BB, CB, DB and DA are opened to 
draw flush solution 184 through sample metering 
chamber 22 to vacuum manifold 36; then valve BA 

45 is opened to flow flush solution 184 through the 
bypass channel 128; then flush solution flow is then 
turned off and valve AC is opened to vent the lines 
to atmosphere, valves BB, CB. BA, DB being pul- 
sed as air is flowed through them to clean and dry 

so the lines in preparation for the next analysis se- 
quence. 

After the spectrophotometric analysis, valves 
EB and DA are opened to apply reduced pressure 
to the input 80 of analysis chamber lu to draw the 
55 analyzed mixture 186 from that chamber for dis- 
charge through manifold 36 into vacuum chamber 
62. Vent valve EC and isolation valve DA are then 
closed and valves EA and ED are opened to draw 
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flush solution 184 through analysis chamber 10 and 
vacuum manifold 38 for discharge into vacuum 
chamber 62 in a cleaning of the analysis chamber. 
The analysis chamber is then vented and the 
valves EB and DA are pulsed and then turned off 
so that the channel is in condition for the next 
analysis cycle. 

Similar mixing and photometric analyses of the 
metered quantities of sample and reagents in the 
urea and creatinine channels and then flushing and 
cleaning of those channels in preparation for the 
next analysis sequence proceeds concurrently. 



Claims 

1. A liquid handling system comprising, an inlet 
port (42) for introduction of a liquid sample to be 
analysed, auxiliary liquid storage structure 
(50,54,66), means (70) for applying a reduced gas 
pressure, and flow network structure (18) connect- 
ed to said inlet port, said flow network structure 
including a sample receiving portion (22) having an 
inlet (20BB) and an outlet (20CB), means (70) for 
applying reduced gas pressure to the outlet of said 
sample receiving portion to draw sample liquid to 
be analysed through said inlet port into said sam- 
ple receiving portion, characterised in that the 
means for applying a reduced gas pressure com- 
prises a reduced gas pressure reservoir structure 
(70), in that the sample receiving portion comprises 
a sample metering chamber (22) that has an inlet 
and an outlet in a flow network structure (18) which 
includes a bypass channel (128G) that extends 
between the inlet (124G) and outlet (126G) of said 
sample metering chamber (22), a first valve (20 
BB) for controlling communication between said 
sample metering chamber inlet (124G) and said 
bypass channel (128G), and a second valve (20 
CB) for controlling communication between said 
bypass channel (128G) and the outlet (126G) of 
said sample metering chamber (22). in that means 
are provided for applying reduced pressure from 
said reservoir structure (70) to the outlet of said 
sample metering chamber (22) to fill said sample 
metering chamber (22) by drawing sample liquid to 
be analysed through said inlet port into said sam- 
ple metering chamber (22), and in that flow control 
means (21) are provided that include means for 
operating said first and second valves to flow auxil- 
iary liquid from said auxiliary metering chamber 
(30) through said bypass channel (128G) during a 
first interval, and then through said sample meter- 
ing chamber (22) during a subsequent interval so 
that flow of auxiliary liquid to said analysis chamber 
(10) precedes and follows the metered quantity 
(182) of sample liquid flowed from said sample 
metering chamber to said analysis chamber. 



2. A system according to claim 1, and further 
including flush liquid storage structure (46) and 
means for applying reduced gas pressure from 
said reservoir structure (70) to ports of said flow 

5 network structure (18) for flowing flush liquid 
through said flow network structure for cleaning 
said flow network between analysis sequences. 

3. A system according to either preceding claim, 
wherein there are a plurality of analysis chamber 

10 (10,12,14), and said flow network structure (18) 
includes a plurality of sample metering chambers 
(22,24,26) and auxiliary liquid metering chambers 
(30,32,34) corresponding to said plurality of analy- 
sis chambers, and a distribution manifold (150) 

15 connected to said inlet port (42) for supplying sam- 
ple liquid to be analysed to said plurality of sample 
metering chambers (22,24,26). 

4. A system according to claim 3, wherein said flow 
control means (21) connects said plurality of sam- 

20 pie metering chambers (22,24,26) to said distribu- 
tion manifold (158) sequentially, and concurrently 
connects said plurality of auxiliary liquid metering 
chambers (30,32,34) to corresponding auxiliary liq- 
uid storage reservoirs (50,54,66) so that said auxil- 

25 iary liquid metering chambers are filled concur- 
rently while said sample metering chambers are 
filled sequentially. 

5. A system according to claim 3 or 4, wherein said 
distribution manifold (150) is in said flow network 

30 structure (18) and a series of valves (20 BA - 20 
BL) are disposed along said distribution manifold 
between said inlet port (42) and said reduced gas 
pressure reservoir structure (70), and said flow 
control means (21) operates said distribution mani- 

35 fold valves to isolate segments of the sample in 
said distribution manifold while said sample meter- 
ing chambers are being filled, the volume of each 
said isolated sample segment being less than fifty 
microlitres. 

40 6. A system according to claim 5, wherein each 
said sample metering chamber (22,24,26) has a 
volume of less than 0.1 microlitre and the volume 
of each said reagent liquid metering chamber 
(30,32,34) is at least ten times the volume of the 

46 corresponding sample metering chamber 
(22,24,26). 

7. A system according to claim 5 or 6, wherein the 
volume of said distribution manifold (150) is less 
than 0.5 microlitre and each said valve (20) has a 

so volume of less than 10 microlitres when open and 
has substantially zero dead space when closed. 

8. A system according to any preceding claim, 
wherein said reduced gas pressure reservoir struc- 
ture includes means (62,70,116,118) for providing 

55 reduced pressure at two different values, and said 
flow control means (21) includes means for apply- 
ing reduced gas pressure at one of said values to 
said auxiliary liquid metering chambers (30,32.34) 
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to fill said auxiliary liquid metering chambers, and 
means for concurrently applying reduced gas pres- 
sure at a second value to said outlets of said 
sample metering chambers (22,24,26) to fill said 
sample metering chambers. s 

9. A system according to any preceding claim, 
wherein each said analysis chamber (10,12,14) has 
an inlet at the bottom of the chamber (80.92,106) 
and an outlet (84,90,1 10) at the top of the chamber, 

and said flow control means (21) is arranged to w 
flow said metered quantities of said sample liquid 
and said reagent liquid from corresponding sample 
and reagent metering chambers into said analysis 
chambers through said inlets for analysis and to 
remove said metered quantities from said analysis is 
chambers through said inlets after analysis. 

10. A system according to any preceding claim, 
including flush liquid storage structure (46), there 
being provided means for applying reduced gas 
pressure from said reservoir structure (70) to said 20 
flow network structure (18) to draw flush liquid 
through said flow network structure, and said flow 
control means (21) includes means for connecting 

said flush liquid storage structure to said flow net- 
work structure to flush excess sample from said 25 
distribution manifold (150) after said sample meter- 
ing chambers (22.24,26) are filled, and to connect 
said flow network structure (18) to said flush liquid 
storage structure (46) during the analysis sequence 
to clean said flow network structure during said 30 
analysis of the sample reagent mixtures in said 
analysis chambers. 

11. A system according to any preceding claim, 
wherein said flow network structure (18) is an array 

that includes a face plate member (152) that has a 35 
rigid surface, a flexible valve sheet member (154) 
that has a surface that is softer and more resilient 
than said face plate surface for mating engagement 
with said face plate surface, a network of channel 
portions in one (152) of said members, a plurality 40 
of valve land portions (164). each said valve land 
portion (164) being located between two adjacent 
ones of said channel portions, the surfaces of said 
land portions (164) being coincident with the sur- 
face of the member (152) in which they are lo- 46 
cated, and a valve control arrangement that in- 
cludes a plurality of valve actuators (162), each 
said actuator being arranged to flex said sheet 
member (154) between a first position in which 
said valve sheet surface is in mating and sealing so 
engagement with said valve face plate (152) sur- 
face sealingly to block flow between adjacent ones 
of said channel portions, and a second position in 
which said sheet surface is spaced away from said 
first position to allow flow between said adjacent 55 
channel portions across the land portion corre- 
sponding to that actuator. 
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